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METHOD FOR PRINTING OF TRANSISTOR 
ARRAYS ON PLASTIC SUBST^T^ 



Related Applications 

on April 9, 1999, the entire disclosure of each arahWin • • 

or each apphcauon is incorporated herein by reference. 

Field of the Tnv Pn t;» n 

„ Klms K ;nielhods of manufactojng ^ ^ ^ 

displays. 

Background nf the Invenri™ 

Microencapsulated, particle-based displays can be maA . M *, 

spiays can be made highly reflective, bistable, and 

optically and electrically efficient To obtain a high resolution H" . fc 

-mgn resolution display, however, individual -" 

vans,„ rs , where onc M _ ^ elementsare ^ ^ 



Mo, exe.p.es of ■ KnlinMrdanH , tst0 ^ have ^ ^ ^ _ 

^^^^^^^^^^ 
silicon transistors on plastic or other flexible film. 
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Recently, ,bem has been rignifican, development » ft. of orga „ ic Kmiconducltag 

5 fffccember ,996); and Ba„ « a,, M Mrmmce Flaalc 

recces, Chen, Mafcr. ,9,7,9, , 299 . U.S. Patent No. 5,574,29, describes adding , iquid 
ctys*, dismays whh made „„, of semiconducting ^ 
advances have been made tad* perforce of organic-based transistors, fl,e mobuity 
characerisucs of many organic semiconductor materiab and devices are tosuflicien, ,„ 

0 --ssftd.ydrive^any^ofHonidcsys^orenrissivedisp.ays. Themfore, many organic 
.based transistors are not suitable for ose with liquid crystal displays. 

In addition, liquid crystals can degmde the transistors when they come in contact with the 
tnutsistors. Manyorganic semiconductor materia* can be swoUen by, or disso,v«, by,, .quid 
crystal fluids because those fluids good solvent This so,ven, compatibility makes i, 
challenging to design systems in which organic transistor devices can remain stable while in 
contact with or close proximity ,„ liquid crystal solvents> limitiDg ^ 

Many organic-based transisK.rs have been made using a screen printing technology, to 
which tite organic materia, is squeezed through an opening in a mesh to pmduce fine fines. 
Lines having a pitch as small as about 250 microns have been printed using the screen printing 
techno,ogy. While mis fine spacing is adeouate for some appfications, i, is preferable to 
construe, transistors with much smafier features, a goa, no, readi.y reached using screen printing. 
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In addition, the solvent canier used for supporting screen printable materials must have a 
certain range of viscosity and surface energy characteristics. Such solvent carriers can 
potentially interfere with the electrical characteristics of the semiconductor material of the 
transistors. Finding proper solvent carriers, therefore, is difficult 

. Summary of the Invention 

The invention relates to a method of manufacturing an electronic device. In one aspect, 
an electronic device is manufactured in accordance with the following steps. An ink-jet printing 
system is provided. The ink-jet printing system includes a print head and a transfer member. A 
substrate is provided. A plurality of ink drops are dispensed from the print head to a surface of 
the transfer member forming an ink partem corresponding to at least a component of the 
electronic device. The plurality of ink drops can include a conductive material and/or a 
semiconductive material. The ink pattern is transferred from the transfer member to the 
substrate, thereby forming the component of the electronic device. 

In one embodiment, the ink drops include an organic conductive material and/oran ' 
organic semiconductive material. In another embodiment, the ink drops include a colloidal 
inorganic conductive material and/or a colloidal inorganic semiconductive material, or 
organometallic material. In one embodiment, the ink drops further includes an insulating 



material. 



In one embodiment, the ink drops form an ink pattern corresponding to at least a 
component of a transistor, such as a source electrode, a drain electrode, a dielectric layer, : 
semiconductor layer, or a gate electrode. 
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In one entbodtaent, ^ ^ ^ ^ ^ ^ _ ^ ^ 

-te of to transfer member and to phnnBty of ink tfrops can be ^ 
release material. 

appWgnte.be, The^can^p^^^^^ 
of S ubs tt 3, eS c m b«p I ovidedforaba,chp ro c ess . Tie subset* can be flexible, 

to one embodiment, an efectronic display media is provided and assembled with to 
electronic device, Tie electronic dispfay media ean inemde a ^ of microcapmfes, vtore 
each capsto inemdes panicles diapered in a fltnd. Aftemadvely. eacb micmcapsnm can mdude 
a bichromal sphere. - 

Brief Descrip tion of the Drawin g 
Tie Agoing and otor objects, feannes and advances of.be present invention, as 
as to invention i^if, tM be ntore fnffy tmderstood from to foUowing descripoon of ptefened 
embodiments, vAen read togemer tvith to accenting dmvvings, in wbi ch: 

Figure 'a^cmss-secuonviewofa^^ 
present invention. 

Figure lb shows a cross-section view of a tr*™;**^ 

ion view ot a transistor according to one embodiment of the 

present invention. 

Figure 2 shows a cross-section view of a #1. A ,u ^ * 

uon view ot a diode according to one embodiment of the 

present invention. 
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Figure 3 illustrates ink jet printing according to one embodiment of the present invention. 

Figure 4 illustrates ink jet printing according to one embodiment of the present invention. 

Figure 5 illustrates ink jet printing using a transfer member according to one embodiment 
of the present invention. 

Figure 6 illustrates ink jet printing using a transfer member according to one embodiment 
of the present invention. 

Figure 7a shows a cross-section view of an electronic display according to one 
embodiment of the present invention. 

Figure 7b shows a cross-section view of an electronic display according to 6ne 
embodiment of the present invention. 

Figure 7c shows a top view of the electronic display of FigureTb with the display media 
and the first electrode removed. 

Figure 8 shows a cross-section view of a transistor according to one embodiment of the 
present invention. 

Figure 9 shows a cross-section view of an electronic display according to one 
embodiment of the present invention. 

Figure 10 shows a cross-section view of an electronic display according to one 
embodiment of the present invention. 

Figure 1 la shows a partial cross-section view of an electronic ink according to one 
embodiment of the present invention. 
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embodiment of the present invention. 

Ho shows a p«al ^cson view of m el ^ c ^ (o Me 

embodiment of the present invention. 

of the present invention. 

Figure .2 mosses a method of assembHng an electronic dispiay according ,„ „„ e 
embodiment. 

Detailed Description of Pref^ P~v- Jimrnl1 

herring to Figore > a, an orgamc-based f,e,d effecftmnsistor .0 mctades a suhsfrate !2 
agate eiectmde ,4 pmvided on me ^ n.adie.echiclayer !6 provided on the gate 
, 4, an organic semicondoctor ■ 8 prided oa me dielecrric layer ,6, and a sooree 
e.=c to de20„dadrei„e 1 ee to de22p J ov, d edo„ I heo^iesemieondne,o, 18 . • 

ThesobsnateHcanbeflexible. For example, the subsna* ,2 ean be made ofan • 

Polymer, sncb as polyene terephthalate (PET), polyesKr, polyethersnlphone 
(PES,, polyimid. film (e . g . ^ avajlaMe ^ ^ ^ ^ 

ftom Ube Corporation [JapanJ) , or ^ ^ ^ _ ^ ^ ^ 

-msmatossnebasondopedsiUco, glass, orome.p.as.ie^. ^ substraK 12canalso 
^ panemed to serve as an electmde. The sobsnate ,2 can ^ be a meta, fo„ instated from 
me gate electa U by a non-condacting materia,. ^ ^ , 2 ca „ ^ \ ^ 
— « or paper, planariaed or otherwise modified on a, ,eas, one sorface by a po,ymeric or 
other coating to accept the other structures. 
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The gate electrode 14, the source electrode 20, and the drain electrode 22, for example, 
can comprise a metal such as aluminum or gold! The electrodes 14, 20, 22 can also comprise a 
conductive polymer such as polythiophene or polyaniline. The electrodes 14,20, 22 can further 
include a printed conductor such as a polymer film comprising metal particles such as silver or 
nickel, a printed conductor comprising a polymer film containing graphite or some other 
conductive carbon material, or a conductive oxide such as tin oxide or indium tin oxide. 

The dielectric layer 16, for example, can comprise a silicon dioxide layer. Alternatively, 
the dielectric layer 36 can comprise an insulating polymer such as polyimide and its derivatives, 
poly-vinyl phenol, polymethylmethacrylate, polyvinyldenedifluoride, an inorganic oxide such as 
metal oxide, an inorganic nitride such as silicon nitride, or an inorganic/organic composite 
- material such as an orgamc-subsututed silicon oxide, or a sol-gel organosilicon glass. The - 
dielectric layer 36 can also comprise a bicylcobutene derivative (BCB) available from Dow . ' 
Chemical (Midland, MI), spin-on glass, or dispersions of dielectric colloid materials in a binder 
or solvent. 

The semiconductor layer 18 can be an organic polymer. In one embodiment, the organic 
semiconductor comprises a polymeric or oligomeric semiconductor. Examples of suitable 
polymeric semiconductors include, but are not limited to, polythiophene, poly(3- 
alkyl)thiophenes, alkyl-substituted oligothiophene, polythienylenevinylene, poiy(para- 
phenylenevinylene) and doped versions of these polymers. An example of suitable oligomeric 
semiconductor is alpha-hexathienylene. Horowitz, Organic Field-Effec, Transistors, Adv. 
Mater., 10, No. 5, p. 365 (1 998) describes the use of unsubstituted and alkyl-substituted 
oligothiophenes in transistors. A field effect transistor made with regioregular P oIy(3- " • 
hexylthiophene) as the semiconductor layer is described in Bao et al., Soluble and Processable 
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*** m** Appl . Phys . Lat 69 (26) _ p 4108 i w) a Md ^ ^ 

m=d= win, a-hexathie^fen. . ascribed to U.S. Patent No. 5>659 , 181 . 

In another embodiment, fc organjc , , ^ ^ ^ 

compound. Examp.es of su^e compoun(b ^ ^ m( ^ to 

penlaeene, benzodithiophene, buctarins^emne or ofcr ^ 

provided above for forming the substrate, the dielectric layer, the electrodes, or the 
^conduaorlayeraroexemp^on*. CU-sm^rna^^^^ 



invention. 



Bate electrode 34, an organic semiconductor 3 8 oisposed ^ fc ^ ^ % ^ ^ 

contact with the semiconductor layer 38. 

. The Held effec, tmnsistor configumuons provided in Figures , a and ,b ase exempt 
ou.,. OUter hun^or design, ^ to ^ ski , w „ tbe art can be used in accordance with 
•he present invention. For example, . lop „ ^ fa ^ ^ _ ^ ^ ^ 

- Placed adjacent me substrate, covered b, the semiconductor layer, which in turn is covered 
^ .he dielectrics gate electrode, can also be used in accordance ^ ^ , 



' present invention. 



WO 00/36666 



PCT/US99/29789 



-9- 



Back-to-back diodes may also be used as a non-linear element in an electronic display. 
Referring to Figure 2, a back-to-back organic-based diode 50 includes a substrate 51, a patterned 
stack of a first conductive layer 52 provided on the substrate 5 1, a layer 54 of p-type 
semiconducting material provided on the first conductive layer 52, a layer of n-type 56 
semiconducting material provided on the p-type semiconducting layer 54, a second layer of p- 
type semiconducting material 54' provided on the n-type semiconducting layer 56, and a second 
conductive layer 58 provided adjacent the second p-type semiconducting layer 54'. In another 
embodiment, the back-to-back diode is formed by depositing a stack consisting of a first 
conducting layer, a semiconducting layer, a second conducting layer characterized by a different 
work function than the first conducting layer, a second semiconducting layer, and a third 
conducting layer with the same work function as the first conducting layer. For example, gold 
and aluminum are known to have markedly different work functions .and thus can be used as the 
first conducting layer and the second conducting layer. The diode configuration provided in 
Figure 2. is exemplary only. 

The substrate 5 1 can be flexible and be made of various materials discussed above in 
connection with Figure la, and the conductors 52, 58 can be made of various materials such as 
conductive polymers or dispersions of conductive particles as discussed above. The 
semiconducting layers can be made from the organic semiconductors discussed above. Both n- 
type and p-ty pe organic semiconductors are known to those skilled in the art Other diode 
designs known to those skilled in the art can be implemented using the present invention. 

According to the present invention, one or more constituent layers of non-linear 

electronic devices such as the transistors of Figures laand lb and the diode of Figure 2 can be 
manufactured by ink-jet printing. 



WO 00/36666 



PCT/US99/29789 



10- 



Referring to Figure 3, an ink-jet printer 60 includes a print head 62 coupled to a control 
^-"-^on^da^^po,^^^^^ 

on. embodiment, tnc prin, head 62 can briber inchrde . fcunh ^ „ ^ 

mate™, advantageously affects subsequent deposition of it,,..- j • 

-r "'"ejwsroonofuiesermconduetmg material. The 

:^*^^^^*a a «i** il ^ v ^ Bymodifyingrhe. 
dtelecriic surface chemistry, dre ^ ^ agen|s ^ ^ ^ ^ ^ 

completed thin film transistors. 



15 



Inanourcrernbodtacnr.ap.u^ityofpHn,^,^^.^^^^; 
consriman, materia,, can be used to deposit each of the materia,, med to boj|d ^ ^ 

^to^th.^^^^^^^ ^^^^ ^ 
^pensad on Uta subsnnta 63 through the openings in the print head 62. The prin, head 62 
prefembly uses a pulse-on-demand medrod, and can amp,oy ona of ma following methods to 
» dtspens. the ink dr „ ps 6I : 

e-ecuostatic, rapid ink heating, magncrohydrodynamic, or any orher technique wI1 _ „ 
■ *~ ski„ad in the arf TOe ink „ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
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corresponds to a constituent layer of an electronic device. The ink patterns undergo a curing step 
or another processing step before subsequent layers are applied. 

Referring to Figure 4, the substrate 63 can be provided on a transport 64 which includes a 
stage 65 and a pair of rollers 66. The rollers 66 provide continuous movement of the substrate 63 
relative to the print head 62 resulting in a continuous printing process. Alternatively, multiple 
. substrates can be processed as a batch. 

In one embodiment, an electronic device can be manufactured using an ink-jet printer of 
Figure 5. The ink-jet printer 70 includes a control assembly 71, a print head 72, a transfer 
member 74, atensioner 78, and a transport 82. The control assembly 71 includes sufficient 
driving electronics to allow for independent control of the dispensing of fluid drops from each of 
the orifices. The control assembly also regulates the speed at which the transfer member 74 and 
substrates 80 move through the printer 70. 

The transfer member 74 can be a drum. Alternatively, the transfer member 74 can have 
another configuration sufficient for receiving ink drops to form an ink pattern and for transferring 
the ink pattern to a substrate 80. The transfer member 74 can include surface material which aids 
transfer of the ink pattern to the substrate 80. For example, the transfer member 74 can be coated 
with a thin film of an oil-based material to facilitate the transfer of aqueous-based ink drops from 
the surface of the transfer member 74. In one embodiment, the transfer member 74 is constructed 
of a rigid body and a surface material comprising a resilient polymeric material. In another 
embodiment, the surface of the transfer member 74 can be coated with a non-sticking layer such 
as silicone, silicone rubber or teflon. In one example, the transfer member 74 is made of an 
aluminum base material and a surface layer is made from silicon rubber doped with carbon filler 
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to prevent charge accumulation. The transfer member 74 can be rigid or flexible, Thetransfer 
member 74 can also be made of a woven material. The material for the transfer member 74 can 
be chosen on the basis of several parameters, including precision of transfer, mechanical 
properties, surface properties, durability, and cost. 

The tensioner 76 can be a backing roller which, together with the transfer member 74. 
provides pressure to the substrate 80. Alternatively, the tensioner 76 can have another 
cor^gurationsufficienttosupportand provide pressure to the substrate 80. Alternatively, other 
means of transporting the substrate 80 relative to the transfer member 74 and/or providing 
pressure to the substrate 80 can be used in acoordancevvith me present mvenno. 
82 can include a pair of rollers as shown in Figure 5. 

. " Inonee ^^t,^^^ 
the ink pattern provided on the substrate 80. 

In operation, a substrate 80 is provided between the transfer member 74 and the tensioner 
78 ^substmegOisdehveredtothetra^fermemb^ " 
continuously move the substrate 80 relative to the transfer member 74. 

The control assembly 71 provides appropriate control commands (e.g. voltages) to the - 
Print head 72 to cause the print head 72 to dispense droplets of ink. The control assembly 71 
produces an independent output, signal for each orifice 86 on the print head 72. The signal 
waveform is selected based upon the print head design, and upon the fluid mechanical properties 
(e-g. density, viscosity, surface tension) of the ink material. The control assembly also 
synchronizes the advance speed of the transfer member 74 or the substrate 80 with the print rate. 
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The print head 72 dispenses ink .tops 84 on a surface of the transfer member 74 through 
the orifices 86. TTte ink drops 84 can inch.de a semiconductor material, a conductor material 
and/or an insulator materia, ,o form an electronic device. Tne ink drops can be orgamc materia! 
based or colloida. inorganic materia! based. The ink drops 84 form an ink pattern 90, which 

^^'4r^ I el rt ve,„m eOTt ^ e8Q ^ te ^ OToftteWermemberM 
having me ink pattern 90 comes in contact with the snbstiate 80. The ink pattern is transferred 
from the transfer member 74 ,o me substiate 80 as the transfer member 74 contacts the 
substrate 80. The ink pattern transferred t „ ,he substrate 80 can snbsequentl, be cooled, cured, 
» or heated tetter ,o convert the ink material into a component of the electronic device These 
steps are repeated until all the necessary components of an electronic device are printed on the 
substrate 80. Thereafter. Cectinnic device 92 is formed on me snbshate 80. For some ink 
materials, i, is preferable ,o erne the ink material after deposition on ft. transfer member 74, bu. 
before transferring it to the substrate 80. 

Alternatively, electronic devices can be manufactured using the ink-jet printer 100 of 
Figure 6. The ink-jet printer 100 of Figure 6 is substantially similar to the ink-jet printer 70 of 
Figure 5. In addition to the features of the inkljet printer 70 of Figure 5, the ink-jet printer 100 
forther includes a release agent applicator 102, a blade 106, and a stripper 104. 

The release agent applicator 102 can be a squeegee roller which rotates in the direction 
opposite that ofthe transfer member 74. The squeegee roller, along with the blade ,06, provide a 
controlled thin coating of a release agent to be provided on a surface ofthe transfer member 74 
Prior to dispensing the ink drops on the transfer member 74. The release agent aids transfer of 
the in* pa„em 90 to the substrate 80. The desirable properties ofthe release agent depend 
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— y«PO I ,U,.ch OTfeW of tI ,« ma ,ena lin « 1 e Wtdrop , Ilis deshable for the release agent 
«o have the following pmpertes: (,) ^ ^ matetial fc ^ ^ 

-«eria l sho^U^«a ro „ ta c.a Dgl eofU,e a ,- t « il * d ^ islesstoMde ^ (3)4e 

surface pf the transfer member. 

The ink-je, prin.cn provided m Figures 5 and « are exemptar, only, Ink-je, primers 
tota *°*«^o„s. m own,omos.skiUedm^^ 
present invention. 

-n* ink-je, primer which uses ^ mmber ^ ^ of piinUng 

-***.I*Wfa W .- M .^ F«^^it^b 1 untogofi K p rinte dhnag e 
which nmn. from a« wickfcg ofU,c tak ,„,„ «. substnitt dlK „ ^ flow rf fc ^ ^ 
ink. Also, the framder member's surface may be of maeh higher qnality (amailer surface 
roughness and more careml, y conned surface chemisuy) man of d* substime. TWore, 

me ink patiem tiaosfemng from me tiansfer member ,o me substrate can be more precise. 

According to the pmsen, invention, smafl drops of conductor or semiconductor can be deposited 

in precisions on a substrate ,„ oeate fine lines having width smaller man 50 micros, wift 

precisely controlled spices between the lines. 

Using dus technique, on. or more non-linear device can be febricated. For example, a 
•tansistor can he constiucted as follows. Firs, a conductive ink solution is deposited in the 
desired pattern onto «h. rmnsfer member, transferred 10 a substiate, and cured or further 
processed ,o form , transistor gate. Second, an insulating ink solution is deposited in the desired 
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pattem onto the transfer member, transferred to the substrate adjacent the transistor gate, and 
cured or further processed to form the gate dielectric. Third, a semiconducting ink solution is 
deposited in the desired pattern onto the transfer member, transferred to the substrate adjacent the 
gate dielectric, and cured to form the semiconducting thin film. Finally, the conductive ink 
solution is again applied in the desired pattern onto the transfer member, transferred to the 
substrate adjacent the semiconducting thin film, and cured or further processed to form the 
source and drain structures. This technique may be used to create any of a wide number of thin 
film transistor structures known to those skilled in the art. Means of curing printed materials to 
make them solvent resistant are well known to those skilled in the art Such curing methods 
include, but are not limited to, heating, photochemical reaction, and solvent evaporation. Diodes 
and other electronic devices can be manufactured through ink jet printing in a manner similar to 
that described with respect to a transistor. 



The transistors and other electronic devices made in accordance with the present 
invention and as described above can be used in addressing an electronic display. Referring* 
Figure 7a, an electronic display 1 10 includes a display media 1 12, a first electrode 1 16, a second 
electrode 1 1 8, an array of transistors 120, an array of row electrodes 1 1 7, and an array of column 
electrodes 1 15. The first electrode 1 16 is disposed on a first surface 111 of the display media 
1 12. In one embodiment, the first electrode 116 comprises a transparent, continuous electrode. 
The second electrode 1 1 8 disposed on a second surface 1 13 of the display media 112 comprises 
an array of patterned pixel electrodes 1 1 8. Each patterned electrode 1 1 8 defines a pixel of the 
display 1 10. The transistors 120 axe located underneath the pixel electrodes 118. Each transistor 
120 is electrically connected to a pixel electrode 1 18 to address a pixel. A row electrode 1 17 is 
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dMricaBy oomected to all the tomsjs,^ 120inthu ■*» 

InU.e^ hy „o„fF ig ^7a, t hc^ aoraI2 „ arelocaedmtlle|)acks . deofthe 
^IIOtaA. aandpomtofthevW.i,. Alternatively, the transistors 1 20 can be 
5 ^^^^^^^no.^titi.er.^^^^ 
wonld^p^ontireflrsr^n,^^^,^^^^^ 

^^^^.ned^tireseecnd^n,^^^,,^ 
continuous eleettode need not be transparent 

ta-^bod^^^edispIayUOeanbe^eetiv, ,„ tins embodiment, tire 

°^viev^ „ 9toviewthedisplay m ; TWore.d^of.he,^ 
^^^^^^^^^^^^^ 

^^^^erentbodfaen^e^^n.^^,^ 

display 1 1 0. Therefore, the transistors 120 an 

transistors 120 are made as small as possible. In one embodiment, 

•» >» a prefer mboiimca , ^ ^ ^ ^ ^ . ^ ^ ^ ^ ^ ^ 

P«el addresser, by ,be transistor ,20. ,„ a m„„ prcfelIed fc ^ rf ^ ^ 

■20 is ,ess titan » of ^ „ of fte ^ by ^ ^ ^ 

Refe^n, to FigurK ^ ?£ ^ ^ ■ ^ ^ ^ ^ ^ ^ 
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includes the first electrode 1 16% the transistors 120', the row electrodes 1 17', the column 
electrodes 1 15', and an insulator 121. In this embodiment, the transistors 120' are positioned 
adjacent the pixel electrodes 1 1 8\ 

In one embodiment, an organic-based field effect transistor is protected by a barrier layer. 
5 lie barrier layer protects the transistor from air, water, light or other environmental factors to 
which the transistor can be sensitive. The barrier layer also protects the transistor from the 
solvent of the display media, if necessary. Where the solvent of the display media has a different 
polarity from the transistor material, contact between the solvent and the transistor may not affect 
the transistor properties. However, where the solvent would affect the properties of the transistor 
10 upon contact, the barrier layer segregates the solvent and the transistor. In one embodiment, the 
barrier layer is opaque. In one embodiment, the barrier layer comprises a metal film such as an 
aluminum film. In another embodiment, the barrier layer comprises a metal oxide coating such 
as Indium Oxide, Tin Oxide, Indium Tin Oxide, Silicon Monoxide, or Silicon Dioxide coatings. 
A metal film layer or a conducting oxide film layer may require additional insulating layers to 
15 prevent unwanted electrical connections between transistor components. In another, embodiment, 
the barrier layer comprises a polymeric film containing fluorine. In another embodiment, the 
barrier layer comprises a polymeric film containing absorbing particles or dyes. In still another 
embodiment, the barrier layer comprises multiple layers of materials including metal and/or . 
insulator. For example, the barrier layer can comprise a multi layer polymer composite film. 

Referring to Figures 8 and 9, each transistor 130 is individually protected from the 
display media 132 by a barrier layer 134. Each transistor 130 is positioned adjacent a pixel 
electrode 136 on a substrate 138. The column electrode 140, and the row electrode (no, shown) 
are a ls o provided on the substrate 138. The barrier layer ,34 is positioned over at least the 
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,« 0 f the ^ , 30 wWch ^ otewise u ^ w fc ^ 

electrode 146 is connected to the column electrode 140. The drain electrode 148 is connected to 
^^•^^^.^^^^.^^^ 

■ 232 wtlh a first banier layer 233. The amy of transistors 230 m „ •« .. 

, uansistorc 230 am positioned on a substrate 235 

-p.acednnderaea.hdiepixelelec.od^. TV substrate 235 afco Amotion, . a second 
W layer, proofing to ^ « fom fc ^ ^ ^ ^ ^ ^ 

layer 233 and the second barrier layer 235 are sealed th^u e • 

3 ^ are sealed, thereby forming a barrier capsule 236 

encapsula^^o^i™. The hanies capsule 236 aUoenc^a the co^ 
elecuodea 238 and - row electrode* (no, shown, The fiss, hanie, ,ay« m include . 
P.ura. iV o f ^ forpr o^ 8aoel ^ w ^ a ^ aorMo ^ iB ^^ 

^e234.Theviasca„ tem adehye,chi„ go , eam ^ K|ay ^ 3top ^ deapi ^ 
of opening and providing a conductive materia, h^de the opening the.b, ^ „ 

In on. embodiment die display is addra*ed in the lowing manner. While a vohage is 
^'^^^o.a.nw.di^vo^^^,^^^^. 
- each pixel in tha, mw is driven to a uni„ue ^ ^ characttristics rf fc ^.^ 

Un.) is then acan.ed In se,ue„ C e, so that an image can be bun, up across the entire disp,ay. ,„ 
-her erabodin.cn, die electronic display coraprisos an imegmar duping of pixels and 
electrodes, rather than a regular x-y grid of electrode, and pixels. 
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An electronic display comprising a microencapsulated particle-based display media and 
an organic-based field effect transistor offer numerous advantages. 

First, the display can be made inexpensively using a simple manufacturing process. For 
example, both the organic-based field effect transistor and the display media can be printed. 
Commonly owned U.S. Patent Application Serial No. 09/140,856 filed on August 27, 1998, 
incorporated herein by reference, describes an electronic-display which is printed in its entirety. 
Since the entire display ~*l*ml.t»*&am}»w+l**. Ti .^^ VIMU 
large number of pixels addressed in a row and column (also known as XY) addressing scheme. 
The display can also be made using flexible substrates. 

Second, the performance requirements for the organic-based field effect transistor when 
used in this particle-based display is not stringent Because of low current requirements of the 
particle-based encapsulated display media, transistors having moderate perfonnance 
characteristic (i.e., transistor mobility of less than lO'W/Vs) can be suitable for driving such 
display. 

Third, since a microencapsulated particle-based display is truly reflective, the underlying 
substrate need not be transparent. This offers significant design advantages for the combination 
of organic-based transistors and microencapsulated particle-based displays. For example, the 
transistor can be as large as the.pixel itself. 

Fourth, since the microencapsulated particle-based electrophoretic display can be bistable 
and require updating only occasionally, the organic transistor need not address the display 
continuously, which will extend the life of the transistor. 
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Fifth.amicroencapsulated particle-based display media prevents fluid from the display 
media fro m coming in contact with the transistor device, ^provides additional stability for the 



transistor. 



to on. embody the disphy ^ ^ m fonnfag fc e|ecttonjc ^ rf ^ 
^Hl-lWh^ptt^^ fc-4lli||iliM 
-he particle-based display media emprises an ded^c ^ ^ electronjc ^ fa „ 
optodedronicdly acdve materia, which comprises a, leas, „ phases: m dectrophorelic 

embodiments, a Singh, species of elech.phoreuc parddes djspersK , fa . ^ or ^ ^ 
or more «ha„ one speeies of dedrophotnuc partdes having distinet physical ami dectfeal 
chantderisfc disposed in a dear or dyed medium. In some embodiment me dedrophor.be 
Phase is encapsulate ^ is> mere is » eapsule wdl phase he^en «he two phases. Tte 
eoadn^inding phase indndes, in one embodiment, a pdymer matrix ma, surrounds rb, 
eiecrophorenephas, ^<«^o^^ly^ ia ^ ly ^ c ^ h ^ Bt 
being dried, crossHnkcd, or „me™ise cu«d as in tradiriona. ides, and therefore a priding 
process can be used to deposit the electronic ink onto a substrate. 

The opttcd ouality of an eledronic ink is unite disrinc, fi™ other electronic display 
ma-erials. The most notable difference is ma, the deem™ ink provides a high degree of bom 
-fledtmce and conbas, because i, is pigmen, based (as m ordinaiy ^ ^ ^ ^ 
scanered from ,he eledsmric ink comes from a very ,hin !ayer of pigmen, dose ,, me top of me 
viewing ^ ,„ Ws Kspec , , rKerabte m ord . n ^ ^ taa ^ Also, electronic ink is 
easily viewed f rom . wide range „f viewing a„ gles m Ae ^ ^ , ^ ^ ^ 
such ink approximates a Lambertian . 



contrast curve more closely than any other electronic 
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displays. S™*^^*^^^^^^^ 
any other printed materia,, ioehdtag traditioiial inks. Electrode ink can be tnade optically stable 
i" a« disp,ay configUmtions, tha, is, ,he ink can be «, to a percent optical stoto. Fabrication of 
a disp,ay by printing an election* ink is particularly useful in lowpower applieations beeause of 
this stability. 

Electronic ink displays are novo! in that Urey can be addressed by DC voltages and draw 
very littl e ctnrent As to conductivc ^ ^ ^ ^ ^ ^ ^ ^ 

elecnonicinkdisp.ayseanbeofrerative.yhighreaistiv^. The ability to use resistive 
conduce substantially widens the nomber and type of matorials tha, can be used a, condoctors 
in eleconicjnk displays, In pasdcular, the use of costly vacdum-spotiered indium U„ oxide 
0TO) conductors, a standard matorial in liquid crysto. devices, is no, required Aside ftom cosl 
savings, th. replacement of ITO w«h after materials can provide benefits in appearance, 
processing capabilities (printed conduces), flexibilhy. a™, durabimy. Additional*, dre printed 
tetrodes are in contact on.y with a solid binder, no, with a fluid layer (like h>id cryslals). 
This means tin,, some conductive ma,erials, which would otherwise dissolve o, be degraded by 
comae, wi, h Iiquid ^ ca „ ^. mm elMron . c jnk ^ ^ ^ 

nteudflc inks for me rear electrode (> g _ ^ ^ ^ ^ ^ ^ ^ 
<™*pare», inks for either subs«ra,e. These conductive coatings include conducting or 
semiconducting cofloids, examples of which are indium tin oxide and antimony-doped „„ „ x ide. 
Organic conductors (polymeric conductors and molecular organic conductors) also may be used. 
Polymers include, bu, are no, limited to, p^anfe and derivalives> and 
derivatives, P«ly3,4-e*y,e„edioxy,hi„phe„e (PEDOT) and derivatives, polypvrrole and 
derivatives, and po,yphe„ yl e„evi„ y ,e„e (PPV) , nd derivatives. Organic molecular conductors 
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include, but are not limited to, derivatives of naphthalene, phthalocyanine, and pentacene. 
conductivity requirements are not as stringent 

Figure , la shows an dedrophoreuc display 430. The binder 432 includes a, leas, one 

0 uee mb od fal e», t hep an ic,es43«a rettt a ni a P a rticlK . When a dbeccurten, elecuic fie.d of dte 
appropriate polarity is applied across the capsule 434, the parric.es 436 move ,o the viewed 
surfaceofmedispmyandsca^r,^ When Ure apphed e.ec«o 6eld is reve^d, d,e particles 
436 ™-'°*<—*ceo,measp,ay ami movies 
dark. 

' Figure , ,b shows another dectophomfic display 440. This display comprises a firs. se, 

-d Ore second se. of particles 444 have conUnsung optical properties. For example, me fts, se, 
ofparticles 442 « me second se. ofparficles 444 can have differing electrOpWic mobilities, 
■n addition, the fir,, se, of particles 442 and the secund se. ofparticles 444 can have cunning 
color, For example, me firs, se, ofparticles 442 can be whi.e, while me second se, ofparticles 
«4 can be black. The capsm«44. further includes a subs,auua.,y dear fluid. Thecapsme 44! 
has electmdes 446 and 446- disposed adjacen, it The Cecums 446, 446' are connec,ed to a 
source of voUage 44g. which may provide an a.,e ra a,i„g^„, (AC) field or a direc-cunen, 
(DC) field ,o me caps„,e441. Upon app.ica.ion of an elecurc field across me elecuodes 446, 
446', ,he firs, se, ofparticles 442 move toward decode 446'. whi,e me second se, ofparticles 
444 move toward electrode 446. 
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Figure llcshowsasuspended particle display 450. The suspended particle display 450 
includes needle-like particles 452 in a transparent fluid 454. The particles 452 change their 
orientation upon application of an AC field across the electrodes 456, 456'. When the AC field 
is applied, the particles 452 are oriented perpendicular with respect to the display surface and the 
display appears transparent When the AC field is removed, the particles 452 are randomly 
oriented and the display 450 appears opaque. 

The electrophoretic displays provided in Figures 1 la-1 1c are exemplary only, and other 
electrophoretic displays can be used in accordance with the present invention. Other examples of 
electrophoretic displays are described in commonly owned, copending U.S. Patent Application 
Serial Numbers 08/935,800 and 09/140,792 which are incorporated herein by reference. 

The successful construction of an encapsulated electrophoretic display requires the proper 
interaction of a binder for binding the capsules to a substrate, electrophoretic particles', fluid (for 
example, to surround the-electrophoretic particles and provide a medium for migration), and a 
capsule membrane (for example, for enclosing the electrophoretic particles and fluid) must all be 
chemically compatible. Tbe capsule membranes may engage in useful surface interactions with 
the electrophoretic particles, or may act as an inert physical boundary between the fluid and the 
binder. Polymer binders may set as adhesives between capsule membranes .and electrode 
surfaces. 

Various materials may be used to create electrophoretic displays. Selection of these 
materials is based on the functional constituents of the display to be manufactured. Such 
functional constituents include, but are not limitedto, particles, dyes,' suspending fluids, \ . 
stabilizing/charging additives, and binders. In one embodiment, types of particles that may be 
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- .o fcbricat, suspended ^, ^ ^ ^ pigmenb absMbtag ^ 
andluminescentp^e, Suchpa^clesmayalsobetrai^ Exempla^Ce^ 

silicon oxide, for example. Such particles may be constructed as comer cubes^ Luminescent 
Pardclesma.lnelude.forexample.^^^. r»e ^c ^de parfcles may also be 

•-r-^-*-----..-.**-,^,^ Light-blocldngor 

absorbing particles may include, for example, dyes or pigments. Types of dyes for use in 
^phoreucdispW^^^^ ^^^^^^^^ 

.^^^^^^par.ofapolymeHcebam.^mnybepo^by 
10 thermal, photochemical, and chemical diffusion processes -il„„i.,. - 

on processes. Single dyes or mixtures of dyes may 

also be used. 

Asuspendrng^elecu^hom^^ The suspending 

. ^^^^oritmaybeamixmreof^o,^^. 

" ^cleswiUrinthecapsul, me suspending fluid may be halogenated hydrocarbon, such as 
.-cn.oroemy,en«,forexamp.e. The halogenate, hydrocarbon may also be a low molecular 
weightier. One such low molecular weight polymer is poly(cblorotrifIuoroethylene). The 
degree of polymelia fcr this polymer ma, be from about 2 to about , 0. 

Furihemiore, capsules may bo fomied in, or later disposed in, a binder. Materials for use 
as binders include waler-soluble polymers, water-dispe.sed ^lymers, oil-aoluble polymer, 
Utemiosetpolymers.memioplasticpolymers.anduv.ormdiation-euiedpo,^ 
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While the examples described here are listed using encapsulated electrophoretic displays, 
there are other particle-based display media that also should work we,,, including encapsulated 
tended partiCes and rotating ball displays. Other display media, such as liquid crystals and 
magnetic particles, also can be useful. 

In some cases, a separate encapsulation step of the process is not necessary. The 
, electrophoretic fluid may be directly dispersed or emu,sif,ed into the binder (or a precursor to the 
binder material) to form what may be called a "polymer-dispersed electrophoretic display." I„ 
such disp,ays, the individual electrophoretic phases may be referred to as capsules or 
microcapsules even though no capsule membrane is present. Such polymer-dispersed 
electrophoretic displays axe considered to be subsets of encapsulated electrophoretic displays. 

In an encapsuJated electrophoretic display, the binder material surrounds the capsules and 
separates the two bounding electrode, This binder materia, must be compatible with the capsule 
and bounding electrodes and must possess properties that allow for facile printing or coating. It 
.may also possess barrier properties for water, oxygen, ultraviolet light, the electrophoretic fluid, . 
or other materials. Further, it may contain surfactants and cross-Hnking agents, which could aid 
in coating or durability. The polymer-dispersed electrophoretic display may be of the emulsion 
or phase separation type. 

In anoUrer detailed embodiment, the display media can comprise a plurality of bichromal 
spheres shown in Figure 1 Id. A bichromal sphere 460 typically comprises a positively charged 
hemisphere 462 of a firs, colocand a negatively charged hemisphere 464 of asecond color in a 
"<Nid medium 466. Upon apphcation of an electric field across the sphere 460 rhrough a pair of 
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462,464. 



PO«on ofthe dispfcy. ^ terra • W fa ^ „ ^ „, ^ rf ^ ^ 

mverse ro„ co^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
^^^^^^^^ l»ap re fe m dembod i me„,,hee„, i re 

RcferingmFigme 12,^ 1,4c display media 500 can be hjc-je, printed on a 
^SCBcompnsbga^dec*^. m or, embc^e* microcapsules, ^ ^ 
capsule comprising decide parted 508 dispersed in a fluid 5 10. a^ a binder 5 ,2 ean be 
^ ta ^P^^«fann*. j e,p^. TOe ^ c ^ B5Wmd ^ bi ^ 512 ^ be 

dispensed as ink drops on the transfer member of the ink-jet printer to form an ink pattern. The 
mk patten, is s„bse,uen„y com*, tmakmi t0 , ^ m ^ , ^ ^ ^ 

In anchor embodiment me top elecnode 504, itse* is ink-je, printed ,„ fom, a «hm 
cond U c«ve fil m„„,hesubsna,«502pri„r,oi„ i ,e, p ri„«„ gtemicrocapsulKm TOeink . 

•» -a, the sobsnnte 502 may be a nanocrystailme suspension of indium dn oxide (ITO, or 
■nay be se«ec,ed from a range of eleomcally conducing p 0l ymers. Al,ema,ively,,ihe disp,ay 
-dia 500 can he prepared using other priming methods or other appropriate nonprinting 
methods known to those skilled in the art. 
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Refeixing to Figure 12, step 2, column electrodes 520, row electrodes (not shown), and 
pixel electrodes 522, as well as organic-based transistors 524 can be ink-jet printed on a 
subst ra te526usmgatransfermemberasdiscussedabove. The conductor for forming the " 
electrodes can be any one of the following materials: organic conductor, molten metal, 
5 conductive polymer, ITO, and polymer film comprising metal or other conductive particles. 
Alternatively, the electrodes can be provided using another printing method, evaporation, 
deposition or other suitable processing methods, while the transistors are ink-jet printed. 

Referring to Figure 12, step 3, the display media 500 provided on the substrate 502 and 
the electronics 530 provided on the substrate 526 can be assembled to form an electronic display 
10 600. For example, the display media 500 and the electronic 530 can be laminated and sealed for 
■ protection. • 

While the invention has been particularly shown and described with reference to specific 
. preferred embodiments, it should.be understood by those skilled in the art that various changes in 
form and detail may be made therein without departing from the spirit and scope of the invention 
15 as defined by the appended claims. 

What is claimed is: 
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Claims 

* a). ^.^^^^^^^^ 
3 b) providing a substrate; 



4 
5 
6 
7 



O disposing a phnam, of * ^ ^ ^ ^ ^ . ^ ^ ^ ^ 

device, *. plurality of inJc ^ a |wa ^ ^ a condnajw ^ ^ ^ 

• semiconductive material; and 

d) bansfertng the h* panem from fte ^ ^ fc ^ ^ 

the component of the electronic device. 

2- The method of claim 1 »h« re i» ,hc Wc-j« prindng S ^ OT ^ ^ ^ 
applicator for applying a release K Ae ^ nember 

3- The method of claim ' a ep b) c„ mprises ^ m a 
belt 

4- The method of claim ! wherein step b) comprises providing a plurality suhsha.es as a 
batch. 



* The method of claim , wherein the substrate is provided between the hansfer member 
and a pressure applying member. 
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1 6. The method of claim 1 wherein the plurality of ink drops further comprises an insulating 

2 material. 

1 7. The method of claim. 1 wherein the plurality of ink drops form an ink pattern 

2 corresponding to at least a component of a transistor. 

18. The method of claim 1 further comprising the step of applying a release material to a 

2 surface of the transfer member and step c) comprises dispensing the plurality of ink drops 

3 adjacent the release material. 

1 9. The method of claim 1 further comprising rotating the transfer member between steps c) 

2 andd). 

1 10. The method of claim 1 wherein step c) comprises dispensing a plurality of ink drops by 

2 applying a voltage signal to the print head. 

11. The method of claim 9 further comprising providing a controller for controlling an 
application of the voltage signal. 

12- The method of claim 1 wherein step b) comprises providing a flexible substrate. 

13- The method of claim l wherein the plurality of ink drops comprises at least one of an 
organic conductive material and an organic semiconductive material. 

H. The method of claim 1 wherein the plurality of ink drops comprises at least one of a 
colloidal inorganic conductive material and a colloidal inorganic semiconductive 
material. 
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> IS. Ita-fcirfcfcta, herein «■= plurality of ^ps comprises at , eaa 0De ofa 

2 condncnve materia, ^ . semiconduc|jve mattria , foming ^ ^ panOT a ^ 

1 17. ^^ofclata.^^p.^^^^^^^^ 

3 device. 

> n n.-* 4 «*, hblM ^ |(1B||(-i>|i(|bi ^ >(fcai 

2 assembling the electtonic device with ft. elecuonic display media. 

2 ™ c ^^ertc^.incl^ apl ^ 0fpartdesd ^ iiiafh . 4 

> 20. The moUrnd of dain , , 8 ^ ^ ^ ^ ^ ^ 
2 miomcapsmes, cash capsule includes a bichsoma, sphere dispel i„ a flllid . 

> 21. ^"^odrfclato,^^,)^^,.^^^^^^ 

2 fonning the ink patten, having . „i dlh of les than ^ }a 

> 22. ^^ota^,^^^^^^^^^^ 

provided on the substrate and registering the placemen, of rise Utk pattern relaUve ,o ,he 

3 object 

» »• ft. method of Cairn 22 wherein the object comprises one of a registration mark, a 
2 conductive pattern, and another electronic device. 



2 
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1 24. The method of claim 1 wherein the plurality of ink drops form an ink pattern 

2 corresponding to at least a component of a diode. 

1 25. An electronic device made by the method of claim 1. 
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